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0.05 to 4% by weight of a fatty acki ester of a pdyhydric alcohol, each amount being based on ttie whole 
composition. 
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The present invention relates to a polyoxymethylene composition having excellent heat stability, particu- 
larly one which generates Itttte fornnaldehydic odor during molding, gives reduced amounts of mold deposits, 
and substantially retains its good mechanical characteristics even when exposed to heat for a long period. 

Polyoxymethylene resins have excellent mechanical properties, moldabillty and resistance to fatigue, 
abrasion, wear, chemicals and heat, with the result that they have come to be used in a wide field Including 
automobile, electrical and electronic appliances, other precision machines, building materials and piping. As 
the application field of polyoxymethylene resins has been enlarged and diversified, however, the demand for 
further improvements In the resin quality has correspondingly increased. One of the characteristics thus de- 
manded is to suppress to low levels such problematic phenomena as mechanical strength reduction caused 
by extrusion or molding, formation of deposits on a mold surface (i.e. mold deposits), and reduction of mech- 
anical characteristics caused by long-term heating (heat aging). One of the main faclore causing these unfav- 
orable phenomena is decomposition of the polymer by heating. 

Polyoxymethylene has. owing to its chemical structure, a fundamental property of being easily decom- 
posed in a thermally oxidizing atmosphere or under acidic or alkaline conditions. As means for sfabllizing the 
chemically active ends of polyoxymethylene, there have been known a process which comprises esterifying 
the ends of a polyoxymethylene homopolymer by, e.g. acetylatlon, and a process which comprises copoly- 
merizlng trioxane with a monomer having an adjacent cart)on bond, for example, a cyclic ether or cyclic formal 
and removing the unstable ends of the obtained copolymer by decompo8itk)n to obtain a copolymer having 
inactive stable ends. However, polyoxymethylene also causes decomposition through deavage in its backbone 
moiety, and such decomposition cannot be inhibited merely by resorting to the above processes. Accoidingly, 
it has been believed that the addition of an antioxidant and other stabilizere is indispensable to achieve the 
inhibition. 

Asterically hindered phenol or amine has been used as such an antioxWant, and a combination of two or 
more other stabilizers selected firom among polyamtales, urea derivatives, amidlnes, and hydroxides and or- 
ganic and inorganic acM salts of alkali and alkaline earth metals has been used in additton to the antioxidant. 

However, even a polyoxymethylene composition containing such stabnizere is not completely protected 
fhMn decompositfon. In fact, such a composition generates formaldehyde through the decomposition of the 
backbone chain or from insuffidentiy stabilized ends when it is heated and exposed to oxygen In a cylinder in 
molding, so that the working atmosphere in extrusion, molding or processing is polluted; and that in long-term 
continuous molding, a powdery or tarry substance (mold deposit) adheres to a mold surface, which is one of 
the main factore lowering the operating efficiency and worsening the surface state of a molded article. Further, 
the mechanical strengths of the composition are also lowered by the decomposition of the polymer. Further- 
more, an artide molded from the composition suffera decomposition (heat aging) of the backbone chain under 
prolonged heating, which in turn lowere the mechanical strength and causes discdoratfon. Under these cir- 
cumstances, many proposals have been made to obtain more effective stabilizer formulations, but satisfactory 
results have not always been attained. For example, Japanese Patent Publicatton-A Nos. 33943/1977 and 
111346/1982 proposed to add a combinatfon of a melamine-formaldehyde polycondensate. an antioxidant and 
other heat stabilizer to polyoxymethylene. Although this combination is effective in overcoming the disadvan- 
tage that melamlne bleeds from a nrolded artide or adheres to a mdd because of ite high subllmabllity, this 
effect is attained at the sacrifice of the very formaldehyde binding power of melamlne, so that the combination 
is much inferior to melamlne in ite mold deposit-inhibiting effect. 

The present inventors have made detailed studies on stabilizere to sdve the above problems and have 
found that a solution can be achieved by adding a specific fatty add ester of a polyhydric alcohol together wit h 
an antloxydant and a mefamlne-fbrmaldehyde polycondensate to a polyoxymethylene composition. The pres- 
ent invention has been accomplished on the basis of this finding. 

Namdy, the present invention rotates to a pdyoxymethylene composition characterized by containing 0.01 
to 5% by weight of a hindered phend antioxidant, 0.01 to 10% by weight of a nnelamine-formaldehyde poly- 
condensate and 0.05 to 4% by weight of a fatty add ester of a polyhydric alcohd, each amount being based 
on the whole composition. 

The componente constituting the composition of the present inventton will now be described in detail. 

The melamine-formaldehyde polycondensate to be used in the present Invention is one having a melamlne 
to formaldehyde mdar ratio ranging from 1:0.8 to 1:6.0, preferably from 1:1.0 to 1:3.0. Further, the polycon- 
densate may be partially etherif ied with an alkand having 2 to 4 carbon atoms in a mdar ratio of melamlne to 
the ether group of between 1 : 0.01 and 1 : 6.0. preferably between 1 : 0.01 and 1 : 1.0. The melamine-for- 
maldehyde polycondensate to be used in the present invention can be prepared by various known processes. 
One such process comprises adding mdamlne to an aqueous solution of formaldehyde having a pH adjusted 
to 8 to 9, stirring the obtained mixture while keeping it at 60 to 90*0 to effect the dissolution of melamlne and 
the reaction of the reactante, whereby the solution becomes doudy as the reaction proceeds, coding the re- 
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action mixture after the lapse of a suitable time to stop the condensation, and drying the resulting mixture by 
spraying or the like to give a melamine-formaldehyde polyoondensate as a powder. 

The polyoxymethylene composition of the present invention contains 0.01 to 10% by weight, preferably 
0.02 to 3% by weight, more preferably 0.05 to 1% by weight of a melamine-formaldehyde poiycondensate. If 
5 the content of the poiycondensate Is less than 0.01 % by weight, the heat stability of the composition wni not 
be improved sufficiently, whOe if it exceeds 10% by weight, the resulting composition Is unusable because of 
its poor mechanical properties and very brittle nature. 

The fatty acid ester of a polyhydric alcohol to be used In the present Invention is preferably one derived 
from at least one saturated or unsaturated fetty add having at least 10 carbon atoms and a polyhydric alcohol 
10 having 2 to 6 carbon atoms. 

The polyhydric alcohol to be used in the preparation of the fatty acid ester Is at least one member selected 
from among ethylene glycol, diethylene glycol, triethylene glycol, propylene glycol, dipropylene glycol, buta- 
nediol, pentanediol. hexanedid, glycerin, diglycerin, triglycerin, threltol, erythritd, pentaerythritol, arabitol, ri- 
bitol, xylitol sorbite, sorbttan, sorbitol and mannitol. 
16 On the other hand, the fatty acid to be used therein Is capric, lauric, myristic, palmitic, stearic, arachldic, 
behenic, montanic, lignoceric, myristoleic, palmltoleic, oleic, linoleic, linolenic, ridndic, 12-hydroxystearic, se- 
baclc or dimer acid, a natural fiatty add containing one or more of these acids or a mbcture of two or more of 
them. 

Among these fetty add esters, those derived from a fatty acid selected from among palmitic, stearic, be- 

20 henic and montanic adds and a polyhydric alcohol selected from among glycerin, pentaerythritd, sorbitan and 
sorbitol are preferable. Further, it is preferred that at least one hydroxyl group of the polyhydric alcohol con- 
stituting the fatty add ester remain as such without being esterif led. Particularly preferable examples of the 
fatty add ester indude glycerin monopalmitate, glycerin monostearate, glycerin monobehenate, glycerin mono- 
montanate, pentaerythritol monopalmitate, pentaerythritol monostearate. pentaerythritol monobehenate, pen- 

25 taerythritol dipalmitate. pentaerythritd distearate. pentaerythritol dibehenate. pentaerythritol tripalmitate, pen- 
taerythritol tristearate, pentaerythritol tribehenate. pentaerythritd trimontanate, sorbitan monopalmitate. sor- 
bitan monostearate, sorbitan monobehenate. sorbitan monomontanate, sorbitan dipalmitate, sorbitan distear- 
ate, sorbitan dibehenate. sorbitol monostearate. sorbitol monobehenate, sorbitol monomontanate, sorbitol dis- 
tearate and sorbitol dibehenate, which may be used either each alone or as a mixture of two or more of them. 

30 The composition of the present Invention contains the fatty add ester of a polyhydric alcohd in an amount 
of 0.05 to 4% by weight, preferably 0.05 to 2% by weight, more preferably 0.1 0 to 1 % by weight. If the content 
of the ester is less than 0.05% by weight, no mold deposit inihibiting effect will be attained, while if it exceeds 
4% by weight, the bite of a screw into the resulting composition in processing and molding will be poor, thereby 
increasing the molding cyde. or the fatty acid ester Itself will adhere to a mold to form undesired mold deposits. 

35 The melamine-formaldehyde poiycondensate and the fatty acid ester of a polyhydric alcohol as described 
above minimize the decomposition of polyoxymethylene when added thereto together with a hindered phenol 
antioxidant so that little decomposition gas generates in molding and the adhesion of decomposition gas to a 
mold Is inhibited. Further, these additives themselves are presumed to give little mold deposit, because they 
are scarcely subllmable and decomposable. 

40 The hindered phenol antioxidant to be used in the present invention indudes 2,2 -methylenebis(4-methyl- 
6-t-butylphenol). 1.6-hexanediol bis[3-(3.5-di-t-butyl-4-hydroxyphenyl)propionate], pentaerythritol tetrakis[3- 
(3,5-dht-butyl-4-hydroxyphenyl)propionate], triethylene glycol bls[3-(3-t-buty|.6-methyl-4-hydroxyphenyl)pro- 
pionate], 1,3,6-trimethyl-2.4.6-tris(3,5-di-t-butyl-4-hydroxybenzyl)benzene, n-octade<yl 3-(4'.hydroxy-3*,5'-di- 
t-butylphenyl)proplonate, 4,4'-methylenebls(2.6-di-t-butylphend). 4.4'-butylidenebis(6-t-butyl-3-methylphe- 

45 nd), 2.2'-thiodiethylbis[3-(3.5-d|.t-butyl-4-hydroxyphenyl)propionate]. distearyl 3,5-dht-butyt-4-hydroxyben- 
zylphosphonate, 2-t-butyl-e-(3-t-butyl-5-methyl-2-hydroxybenzyl)-4-methylphenyl acrylate and N.N'-hexanv 
ethylenebis-[3.5-di-t-butyl-4-hydroxyhydro-clnnamamlde), which may be used either alone or as a mixture of 
two or more of them. Anwng these compounds, 1.6-hexanedid bis[3-(3,6-di-t-butyl-4 hydroxyphenyl)propion. 
atel. pentaerythritd tetralds[3-(3,5-di-t-butyl-4-hydroxyphenyl)propionate], triethylene glycol bis[3-(3-t-butyf- 

50 5-methyl-4-hydroxyphenyl)propionate] and N,N'-hexamethylenebls.(3.5-dl-t-buty|.4.hydroxyhydro-dnnama- 
mlde) are particularly preferable. 

The composition of the present invention contains 0.01 to 5% by weight, preferably 0.05 to 2% by weight 
of a hindered phenol antioxidant 

If the content of the antioxidant is too low, no sufficient effect will be attained, while If It is too high, not 

S5 only Is no additional effect attained, but also the resulting composition Is discolored. 

The polyoxymethylene to be blended with the above additives is a polymer mainly comprising oxymethy- 
lene (-CH2O-) units, which indudes not only polyoxymethylene homopolymere. but also copolymers, terpoly- 
mere and block polymers containing a small amount of other constituent units. Further, the polyoxymethylene 
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may be either linear or branched or crosslinked. The degree of polymerization thereof is not particularly limited. 

The composition of the present invention may further contain one or more members selected from among 
nitrogenous compounds other than the melamlne-formaldehyde polycondensate according to the present In- 
vention, and metallic compounds such as hydroxides, inorganic acid salts, carboxyllcacid salts and alkoxides 
of alkali or alkaline earth metals depending upon the object, though the use of these additives is not necessarily 
essential. 

The nitrogenous compounds include polyamides, for example, homo- and co-poiyamides such as nylon 
12, nylon 6.10 and nylon 6.66.610; substituted pdyamide having methylol groups or the like; nylon salts, poly- 
amides prepared from caprolactam; and polyester amides prepared from caprolactone and caprolaclam; con- 
densates prepared from polyaminotriazole, dicarboxylic acid dihydrazide and urea by heating; nitrogenous 
polycondensates prepared from urea and diamines; urea condensate prepared by heating urea; pdyoonden- 
sates of cyanoguanidines with formaldehyde; and polycondensates of guanamlnes with formaldehyde. 

The metallic compounds include hydroxides, carbonates, phosphates, silicates, borates, oxalates, malon- 
ates, succinates and adipates of sodium, potassium, magnesium, calcium and barium; salts of these metals 
with higher aliphatic adds having 10 to 32 carbon atoms, e.g. stearic add; and salts thereof with higher aliphatic 
acids having a substituent such as a hydroxyl group. Further, the metallic compounds also indude basic com- 
pounds having both at least one tertiary nitrogen atom and a metal carboxylate moiety, for example, sodium 
N-methyllmlnodlacetate, trisodlum nitrilofarlacetate, tetrasodium ethylenediaminetetraacetate, tetrapotasslum 
ethylenedlaminetetraacetata, dicaiclum ethylenediaminetetraacetate, pentasodium diethylenetriaminepentaa- 
cetate, pentapotassium diethylenetriaminepentaacetate, hexasodium triethyfenetetraminehexaacetate and 
tetrasodium ethyienebis(ethylamine)-N,N,N',N -tetraacetate. 

The composition of the present invention may further contain one or more conventionat additives in order 
to impart desired characteristics thereto depending upon the object and such additives indude lubricants, nu- 
deating agents, mold release agents.antistatic agents, other surfactants, organic polymers, and inorganic and 
organic fibrous, powdery and flaky fillers. 

The process for preparing the composition of the present Invention is not particularly restricted. The com- 
position can be easily prepared by a conventional process with conventional equipment for the preparation of 
resin compositions. For example, the composition can be prepared by (1) a process which comprises mbdng 
the necessary components together, kneading and extruding the obtained mixture on an extruder into pellets 
and molding the pellets, (ii) a process which comprises preparing pellets different in composition, mixing the 
pellets at a predetermined ratio and molding the obtained pellet mbdure Into a molded artide having an objec- 
tive composition, or (ill) a process characterized by feeding one or more of the components directfy into a mold- 
ing machine. Further, a process whteh comprises initially pukerizing a part of the resin components and mixing 
the obtained powder with the rest of the components is effedive in homogeneous blending of the components. 

The resin composition of the present invention can be molded by any process selected from among ex- 
trusion, injectton, compression molding, vacuum forming, blow nwldlng and expanston molding. 

As will be apparent from the above description, the combination of specific stabilizers according to the 
present invention consWerably Improves the heat stability of polyoxymethylene to give a poiyoxymethylene 
resin composition which produces minimal mold staining even in long-term continuous molding and generates 
littie formaldehydic odor in molding and processing, thus being favorable firom the standpoint of industrial hy^ 
giene and working atmosphere. 

Fxamples 

The present invention will now be described by referring to the following non-limiting Examples. 
The methods employed in the Examples for evaluating the characteristics are as follows. 

(1) Amount of formaldehyde gas generated from the melt 

The accurate weight (A g) of about 5 g of pellets was determined. The pellets were kept at 200«C in 
a metallic containerfor 5 minutes. Thereafter, the atmosphere in the containerwae absorbed intodeionized 
water. The amount (B fig) of formaldehyde absorit>ed in the water was determined according to JIS K 0102, 
2L "formaldehyde" to calculate the amount (C ppm) of formaldehyde generated per grain of the pellets. 

B^g/Ag = Cppm 

(2) Moldability (anrtount of mold deposit) 

A polyoxymethylene composition sample was continuously molded into artides having a specific 
shape on an injection machine under the fdlowing condittons for about 24 hours to evaluate the amount 
of mold deposit, i.e., the stain of a nfiold after continuous molding was evaluated by observation with the 
naked eye according to the following five criteria: 
(mdding conditions) 
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Injection machine: NISSEI pa20E (manufiactured by Nissei Jushi Kogyo (K.K.)) 

cylinder temperature: 200X 

injection pressure: 750 kg/cni^ (73.6 MPa) 

injection time: 4 sec 

5 cooling time: 3 sec 

mold temperature: 30X 



A 


B 


C 


D 


E 


little 








much (deposit over the whole surface) 



(3) Heat aging 

1. evaluation of blooming to the surface of the molded article 

A molded article was allowed to stand at 70''C and 80% RH for 3 days and then at ^2Q'*C for one 
IS day and night and the surfece of the resulting article was observed with the naked eye to evaluate the 

blooming according to the following criteria: 

A: no blooming 

B: partial and slight blooming 

C: thin bloom over the whole surface 
20 0: thick bloom over the whole surface 

2. physical life of the molded article 

A polyoxymethylene composition sample was molded into a No.1 dumbbell-shaped test piece for 
tensile tasting as stipulated in ASTM D638. This test piece was kept at UO^'C in a Geer oven (manu- 
factured by Toyo Selkl Co., Ltd.) and thereafter tested for tensile strength to determine the retention 
25 thereof with respect to the initial value. The time which had elapsed until the retentton fell to 80% was 

regarded as the physical life of the molded article. 



Examples 1 to 17 



30 As shown in Table 1 , a hindered phenol antioxidant, a melamine-formaldehyde polyoondensate and a fetty 
acid ester of a polyhydrfc alcohol were added to a polyoxymethylene copolymer (a product of Polyplastlcs Co.. 
Ltd., "Duracon"), followed by mixing. The obtained mixture was palletized and evaluated for the above char- 
acteristics. The results are given in Table 1. 



35 Comparative Examples 1 to 16 

As shown in Table 2, mixtures not containing one of the melamine-formaldehyde polyoondensate and the 
fatty acid ester of a polyhydrfc alcohol and mbctures containing melamine, 12-nylon or cyanoguanldine instead 
of the melamine-formaldehyde polyoondensate were prepared and palletized and evaluated In a similar man- 
40 ner to that of the Examples I to 1 7. The results are given in Table 2. 
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note 1) hindered phenol antioxidant: 

a-l triethylene glycol bis [3- (3-t-butyl-5-methyl- 

4 - hydroxyphenyl ) propionate] 
a-2 pentaerythritol tetrakis[3- (3, 5-di-t-butyl- 

4 - hydroxyphenyl ) propionate 

note 2) melamine- formaldehyde polycondensate 

b - 1 melamine/f ormaldehyc 

b- 2 melamine/f ozmaldehyc 

b - 3 melamine/f ormaldehyc 

b*4 t rimethoxyme thy Imelamine/ formaldehyde ratio 
= 1 : 3.0 

note 3) fatty acid ester of polyhydric alcohol 

c-l glycerin monostearate 

c*2 glycerin monolaurate 

c-3 glycerin monobehehate 

c-4 mono and di-stearates of pentaerythritol 

c-5 mono amd di-stearates of sorbitan 



ratio = 


1 


:. 1. 


0 


ratio = 


1 


: 3. 


0 


ratio B 


1 


: 5. 


0 



Claims 

1. A polyoxymethylene composition characterized by containing 0.01 to 5% by weight of a hindered phenol 
antioxidant, 0.01 to 10% by weight of a melamine-formatdehyde polycondensate and 0.05 to 4% by weight 
of a fatty acid ester of a polyhydric alcohol, each amount being based on the whole composition. 

2. A polyoxymethytene composition as set forth in daim 1, wherein the amount of the hindered phenol an- 
tioxidant is 0.05 to 2% by weight, based on the whole composition. 

3. A polyoxymethylene composition as set forth In daim 1 or daim 2, wherein the niolar ratio of melamine 
to formaldehyde of the melamlne-formaldehyde polycondensate is in the range from 1 : 0.8 to 1 : 6.0. 

4. A polyoxymethylene composition as set forth in daim 3, wherein the molar ratio of melamine to formal- 
dehyde of the melamine-formaldehyde polycondensate is in the range from 1 : 1.0 to 1 : 3.0. 

5. A polyoxymethylene composition as set forth in any preceding claim, wherein the said melamlne-formal- 
dehyde polycondensate is one which is partially etherif led with an alkanol having 2 to 4 carbon atoms in 
a molar ratio of melamine to the ether group of between 1 : 0.01 and 1 : 6.0. 

6. A polyoxymethylene composition as set forth in any preceding daim, wherein the amount of the melamtne- 
formaldehyde polycondensate is in the range from 0.02 to 3.0% by weight, based on the whole compo- 
sition. 

7. A polyoxymethylene composition as set forth in any preceding daim, wherein the alcohol component con- 
stituting the fatty acid ester is selected from dihydric to hexahydric alcohols having 2 to 6 carbon atoms. 

8. A polyoxymethylene composition as set forth in any preceding daim. wherein the fatty acid component 
constituting the fatty acid ester is a monobasic or dibasic one having at least 10 carbon atoms. 
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9. A polyoxymethylene composition as set forth In any preceding claim, wherein at least one hydroxy! group 
of the alcohol component constituting the fetty acid ester remains as such without k>eing esterif led. 

10. A polyoxymethylene composition as set forth in any preceding claim, wherein the amount of the fatty acid 
5 ester of a polyhydric alcohol Is In the range from 0.10 to 1 .0% by weight, based on the whole composition. 
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